Objective-To compare the thermal environment of infants who died of the sudden infant death syndrome with that of age matched control infants.
Introduction
Descriptive epidemiological studies of the sudden infant death syndrome have shown a winter excess of cases in most countries.' Analytical studies have provided further evidence ofan inverse association between the syndrome and climatic temperature.23 Falls in climatic temperature have been related to an increased incidence ofthe sudden infant death syndrome about six days later in England and Australia.45 A north to south geographical gradient of increasing incidence of the syndrome exists in both Australia and New Zealand and the regional incidence within these countries is inversely related to mean annual temperature.6
Mechanisms proposed to explain the association between the sudden infant death syndrome and low temperature include hypothermia, increased viral illness, and indirect hyperthermia, the last being due to altered child care practices in response to cold weather. Recent work has shown that some infants do experience thermal stress and has also provided evidence that infant hyperthermia may play a part in the aetiology of the sudden infant death syndrome.
In New Zealand some infants have been found to be inappropriately dressed for their thermal environment, and the insulation of such infants was correlated with external but not room temperature. 7 In the United Kingdom a study on the overnight environment of infants found that parents increased thermal insulation by 188% for only a 4-4°C drop in room temperature.8 Case series have provided evidence of overheating in some sudden infant deaths9'0 and postmortem changes consistent with heatstroke for some infants."l Bass investigated four cases of simultaneous cot death in twins and found an overheated environment was a common factor.'2 In New York a study based on investigation of the scene where death occurred, conducted within a week of death, found evidence of overlying, asphyxia, or hyperthermia in some of the cases studied. 1 ' Nelson et al have proposed a theoretical model of thermal balance which implicates hyperthermia and the prone sleeping position in the sudden infant death syndrome.'4 They propose that particular cultural combinations ofinfant care practices (sleeping position, clothing, bedding, and room heating) may facilitate hyperthermia and explain widely disparate rates of the syndrome in different countries and ethnic groups. In the United Kingdom, Fleming et al found that babies dying of the syndrome were more likely to be prone, be heavily wrapped, and to have had heating on all night when compared with population based controls.'5 They concluded that overheating and the prone position were independently associated with an increased risk of sudden infant death. This study has important public health implications, but the findings have been criticised as information was collected by interview with bereaved parents and hence subject to recall bias.' 17 It has been recommended that the role of thermal balance in sudden infant death should be assessed with investigation of the death scene by a trained observer.7 14 We report the observed thermal environment at the death scene of babies who died of the sudden infant death syndrome and control infants matched for age and birth weight. We examined room temperature and thermal insulation.
Subjects and methods
The source population consisted of all infants residing in the geographical area served directly by the professional state ambulance service. Professional ambulance officers cover 94% of the Tasmanian population directly. Case infants were those who died suddenly at home from birth to 1 year of age and who were later classified as having died of the sudden infant death syndrome after postmortem examination. For each case two control infants were selected from the same hospital as the index case (35 cases) or from the nearest participating hospital in the same region as the index case (six cases) by using hospital maternity records. Control A was matched for age (so that the control infant would be the same age at interview as the index case was at death) and control B was matched for age and birth weight (<1500 g, 1500-2499 g, -2500 g).
We investigated the thermal environment at the scene of death for cases matched for birth weight because previous work had suggested that the thermal environment of an infant might be influenced by birth weight. We found no evidence of an association between excess thermal insulation and birth weight and the two groups were pooled. The effect of birth weight on the association between excess thermal insulation and the sudden infant death syndrome was also examined.
Age (completed weeks) 1-4 5-8 9-12 13-16 17-20 >20
Results
From 1 October 1988 to 5 September 1990, 41 infants died suddenly at home and were later found to have died of the sudden infant death syndrome. In six of these cases the ambulance did not attend the home: in three the infant was taken directly to hospital, in two the family doctor was called, and in one the infant was taken to a friend's house. In 35 cases, an ambulance was called to the home and in 28 (80%) the entire thermal environment protocol was conducted. This report is based on these 28 cases. Reasons for noncompletion of the protocol included active resuscitation with transport to hospital and parental request. The follow up questionnaire was conducted in 40 of the 41 cases. The initial response rate for all controls (n=79) was 84%. The main reason for non-response was inability of the interviewer to contact the initial control family at home within the specified time constraints. If the initial control was a non-respondent a new control infant was selected. Of the 28 case infants, 26 had both controls. Two index infants were matched with only one infant (for age and birth weight). Table I shows the age distribution of cases. The age of the 54 control infants was within 7 days of age for 23 and of the 28 index cases and within 14 days for all cases.
The minimum temperature on the day of death of the cases was within 1°C of the minimum day temperature at assessment for 31% (17) of controls and within 3°C for 67% (36) of controls. There were no significant differences in minimum temperature, maximum temperature, humidity, wind speed, dew point, visibility, or cloud cover between the case and control groups on the day of measurement. Of the 28 case infants six died in autumn, 11 in winter, six in spring, and five in summer.
For cases, the time between discovery of the deceased infant and measurement of room temperature was small; in over half the cases room temperature was measured within 30 minutes of discovery of the infant (table II) . We found no evidence of a trend of decreasing room temperature with increasing delay in measurement. Parents were asked at follow up interview if they had opened the external door of the house or altered the window, door, or heating of the infant's room before the ambulance attended. For the 14 cases whose families had done one or more of the above, the mean room temperature (18-1°C) was not significantly different from that (18 2°C) for cases whose parents had not altered the infant's environment (p=0 93). For controls, the room temperature was slightly lower for the nine infants who were asleep during interview (15 8°C) than for the 45 who were awake (16-8°C), although this difference was not significant (p=0 56). The average room temperature for cases (18 1°C) was higher than that for controls (16-6°C) but this was not significant (p=0 -15). The external air temperature was similar (case mean= 12-6°C, control mean= 12 1°C, p=0 83). Average thermal insulation over the infants was higher in cases (6-6 tog) than controls (5 3 tog; p=0 05).
Cases were significantly more likely to have been found in the prone position (odds ratio 4 58). In addition, cases were more likely to have had heating on in the house during the time last seen alive to time found dead compared with the same period for controls (odds ratio 10 50). The matched odds ratio is high because although 17 of the cases were concordant with regard to home heating when compared with their matched control group, in all but one of the discordant sets the case had heating on but at least one of the matched controls did not. 
Conditional multiple logistic regression was used to compare the excess thermal insulation in cases and controls. For every excess thermal insulation unit the relative risk of the sudden infant death syndrome was 1-26 (95% confidence interval 1-05 to 1-52) with the ambulance staff report of bedding. For example, infants with two extra togs of thermal insulation than the model recommended were 1-6 times more likely to be cases than controls and infants with four excess togs were 2 5 times more likely to be cases. This risk estimate did not change if the additional loading for swaddling was removed from the method ofcalculation of the thermal insulation, confirming that the association was not due to more cases being swaddled during last sleep than controls. Substitution of the bedding value reported by parents for that observed by ambulance staff gave a similar estimate of risk: for every excess thermal insulation unit (tog) the relative risk was 1-38 (1-09 to 1-73).
ig.
THERMAL ENVIRONMENT AND ILLNESS bulance
Excess thermal insulation was positively associated ble V). with illness in cases and controls. The average excess parents thermal insulation was higher in the 21 case infants er than with illness (mean 2-7 tog) than in the six without rence= illness (0-28 tog; p=0-13). The average excess thermal nificant insulation was also higher in the 32 controls with reports illness (0-93 tog) than in the 22 without illness (0 03) report tog; p=0 17). Both cases and controls with illness D quilts were more likely than healthy infants to have been Ye quilt excessively dressed for their given room temperature, ses four though due to the small numbers in each group the differences were not significant.
We then examined whether the finding of a positive association between the sudden infant death syndrome plotted and excess thermal insulation reflected the fact that ormally case infants were more likely to have had illness and ference infants with illness were more likely to have been nd the overdressed. This was done by treating illness as a bserved confounder in the multivariate model. After adjusting ne) was for effect of illness on the association between k factor excess thermal insulation and the sudden infant death excess syndrome for every excess thermal insulation unit the its who risk of the syndrome increased 1-20 times (0-99 to re had a 1.46 theoretical model of heat balance which takes into account some of these additional factors.'4 The prone sleeping position will reduce heat loss by reducing the body surface area available for heat loss. In the heavily dressed infant, the head has an important thermoregulatory role which will be compromised by placing the head down or underneath bedding. Respiratory heat loss, which accounts for around 7% of total loss22 will be reduced by facial obstruction. A high ambient vapour pressure will reduce evaporative heat loss. Infection increases the infant's basic metabolic rate and increases heat generation.
In our study not only were case infants more likely to be overclothed for room temperature than control infants but they were significantly more likely to be prone and they were also more likely to have a history of recent illness, although this difference was not significant. In addition, more than a third of cases had some evidence of facial obstruction at death and some infants were found completely under bedding. Given these additional factors and the finding that cases were in a significantly higher thermal environment than controls, it could be inferred that the infants who died were in a relative state of hyperthermia compared with controls. Consistent with this, the recorded body temperatures for cases were not low, even though the readings were taken, on average, seven hours after the infants were last seen alive.
We chose the thermal environment model ofClulowr ather than the more complex model of Nelson et al. Firstly, information was not collected on all the factors required to calculate actual infant heat balance. Secondly, the separate effects of prone sleeping position and illness on the association between excess thermal insulation and the sudden infant death syndrome would be more difficult to assess with a more derived model. We found no evidence to support the hypothesis that prone sleeping position alters the association between excess thermal insulation and the syndrome. However, the sample size may have been too small to detect an interaction between these two factors.
The thermal environment of both cases and controls was found to be higher in those infants with evidence of illness than those without. Parents may respond to infections in their babies by increasing the amount of clothing and bedding"3 or warming the infant.24 This is clearly concerning and has implications for health education. The finding that the positive association between excess thermal insulation remained after adjustment for illness status excludes the possibility that the association was due only to illness.
FURTHER WORK
Tasmania has a temperate climate and only a small proportion of homes have central heating (1% of infants in the concurrent cohort study live in centrally heated homes).'5 Even so, the proportion of infants who were underdressed for room temperature in this study was low. We are therefore unable to comment on the relation between hypothermia and the sudden infant death syndrome but will continue to collect information on the thermal environment of infants dying of the syndrome. Additional information is also required to examine whether our finding that the strength of association between excess thermal insulation and the sudden infant death syndrome varies by sex also exists in a large study sample after adjustment for other factors.
Although the pathogenesis of the sudden infant death syndrome remains unclear, it may be considered as a biphasic event with the first set of factors operating to predispose the infant and the second set of factors acting as loading factors which operate at a critical stage of the infant's development. A warm environment could lead to sudden infant death bv direct hyperthermia,'4 thermolabile syncope with cerebral ischaemia,2' impaired respiratory control,5 enhancement of the laryngeal closure reflex,27 altered sleep state,)' or depressed arousal.29 An asphyxial mode of death would also be more likely, particularly in heavily dressed infants found prone and face down.
In conclusion, we found infants who died of the sudden infant death syndrome to be significantly more likely to be overdressed for the room temperature at the death scene and in the prone position compared with control infants. These findings support a previous recommendation that "educating parents about sleeping position and correct thermal care of their babies may help reduce the incidence of sudden infant deaths."'5 Further work on the thermal balance of infants at the time of sudden death is required, and parental guidelines on appropriate thermal care of infants should be developed.
BMJ VOLUME 304 1 FEBRUARY 1992
